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Abstract
NaBi1-xYbx(WO4)2 fibres single crystals were successfully grown by micro-pulling down technology (MPD). The Yb3+-doped NaBi(WO4)2 fibres single crystals 
have been pulled using MPD technique with controlled diameter and stationary stable growth conditions corresponding to flat crystallization interface with meniscus 
length equal to the fibre radii and pulling rate range [6–48 mm h-1]. We have determined the single phase field of NaBi1-x Ybx(WO4)2 for x  0.3. The lattices 
parameters decrease as a function of Yb3+ substitution in Bi3+ sites. The melt behaviour has been study by DTA/TG analysis. We have found that the stoichiometric 
compounds NaBi(WO4)2 melt congruently at 935°C. The fibre diameters varied from 0.5 to 1 mm depending on the capillary die diameter, pulling rate and the molten 
zone temperature. Complementary Yb3+ spectroscopic characterization in the NaBi(WO4)2 lattice has been done by IR emission measurements under laser pumping at 
room temperature.  
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1. Introduction
Tungstate materials are the optical materials that have 
attracted researchers attention because of their numerous 
applications [1-2]. They are used as scintillator crystals [3], as 
solid-state laser materials [4-5], and are even needed in high-
energy physics [1, 2, 6]. They are known to have a high third 
order electric susceptibility coefficient and consequently exhibit 
a strong stimulated Raman diffusion that allows shifting laser 
frequencies [7]. Few years ago we have already reported 
spectroscopic analysis of both, Nd3+-doped KGd(WO4)2 crystal 
[8-10] and Yb3+-doped KGd(WO4)2 or KY(WO4)2 tungstates 
[11] for laser applications as grown by the top nucleated 
floating crystal method (TNFC). In addition we have started to 
grow Nd3+-doped MGd(WO4)2 (M = K, Na) single crystals 
fibres by the new MPD method for laser applications [12].
These K-based crystals refer to the low temperature phase with 
monoclinic crystalline structure and ordered character. It means 
no multisites for the dopants and hosts suitable for tunability.
Due to the importance of such tungstates Yb3+-doped crystals 
for laser sources, we are focusing on another Yb3+-doped 
sodium bismuth double tungstate single crystal NaBi(WO4)2,
so-called NBW, grown by the MPD technique. The 
NaBi(WO4)2 crystal belongs to the Na2O–Bi2O3–WO3 ternary 
equilibrium diagram. It melts congruently at 935°C, which 
could be a big advantage for the crystal growth process from the 
melt. Unfortunately, the investigations related to the crystal 
growth using the two conventional classical techniques, i.e., 
Czochralski and Bridgman, are slightly limited because of some 
problems related to the instability of the interface crystallization 
and thermal gradient especially in the case of the RE3+ doped 
crystals growth [13-14]. In addition, the volatility of Bi2O3 and 
WO3 oxide is another problem, which complicates the growth 
process because of the composition change in the equilibrium 
diagram, which moves the composition to the Na2O reach part 
of the Bi2O3 Na2O–WO3 ternary equilibrium diagram. For laser 
source application, the crystal is doped with Yb3+ rare earth ions 
and, naturally, some segregation problems are also observed, 
because of the low pulling rate (<0.2 mm h-1) used to grow a 
bulk single crystals by the Czochralski technique.  
This paper will present undoped and Yb3+-doped 
NaBi(WO4)2 fibres single crystals grown by the MPD 
technique. Single crystal fibre materials are of particular interest 
because of their unique characteristics such as chemical 
uniformity, compact size and in some cases, high level of 
doping concentration [15]. Although the majority of important 
oxide crystal grown by Czochralski (CZ) and other 
conventional melt growth methods, can be used in optical 
systems, fibres crystals appear to be more attractive, since 
growth conditions that can be established in the MPD system 
can result new unusual properties [16]. These materials will 
most probably find applications in the fabrications of miniature 
laser sources and components of optical systems. We have 
study the single phase field of NaBi(WO4)2 as a function of 
Yb3+ addition. We have also optimised the growth conditions of 
the crystals fibres by the control of the pulling rate and the Yb3+
concentrations. At last we shall describe few optical 
characterizations in complementary of those already recently 
shown [17].
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2. Experimental procedure 
The samples were prepared from reagent grade Na2CO3
(99%), Bi2O3 (99.9%), Yb2O3 (99.999%) and WO3 (99.9%) 
from Cerac. Materials were prepared by weighing each 
chemical compound within ± 0.1 mg following the NaBi1-
xYbx(WO4)2 composition (x = 0, 0.001, 0.005, 0.01, 0.05, 0.1, 
0.3). The obtained undoped and doped pellets were placed in 
alumina crucibles and annealed at 700 °C for 10h and 800 °C 
for 8h in air atmosphere in one step. The pure undoped phase is 
obtained by mixing the stoichiometric composition according to 
the reaction: 
Na2CO3 + Bi2O3 + 4WO3ĺ 2NaBi(WO4)2 + CO2
The Yb-doped materials are obtained by the same way using the 
following reaction: 
Na2CO3 + (1-x)Bi2O3 + xYb2O3 + 4WO3ĺ2NaBi1-xYbx(WO4)2
+ CO2
Phases identification was performed using room temperature X-
ray powders diffraction with a Philips PW 3710 diffractometer 
using Cu Ka radiation. The fibres crystals were grown by the 
MPD method [18].
3. Results and discussion 
3.1. Ceramic synthesis and characterization 
For fibre single crystal growth using pulling down 
technology, the chemical homogeneity of starting materials is 
very important to obtain uniform fibres single crystals. As we 
use a few amount of the raw materials, it is a reason why 
optimization of the routine of synthesis of starting 
polycrystalline material was considered as one of the most 
important tasks that finally determines the qualities of the 
grown crystals. 
The evolution of X-ray powder diffraction as a function of 
Yb substitution at room temperature is shown in Fig. 1. All 
prepared samples are single phase which confirm the complete 
solid solution in NaBi1-xYbx(WO4)2 for x  0.3 belonging to the 
Na2O–Bi2O3–Yb2O3–WO3 quaternary system. The Miller 
indices hkl can be assigned according to the tetragonal 
symmetry in the single phase field in a good agreement with 
JCPDS file (no. 52-1718). Not unknown impurities or Na2O,
Bi2O3, Yb2O3, and WO3 free oxides have been observed after 
the sintering materials. No obtained for ceramics produced at 
different sintering temperature demonstrated that annealing of 
the starting mixtures at 800°C is minimal combination of the 
thermal treatment conditions that are necessary to obtain 
undoped and Yb3+-doped NBW polycrystalline single phase 
material. The detailed examination evolution of lattice 
parameters as a function of Yb3+ concentration is given in Fig. 
2. A significant decrease of the lattice parameters is observed in 
the single phase field. This can be explained on the basis of the 
ionic radii of Yb3+ (98.5 pm) smaller than Bi3+ (103 pm) and 
Na+ (118 pm) [19]. The slope is practically identical for the a- 
and c-axis, which confirm the occupation of the Bi3+ sites by 
Yb3+ cations. The diffraction results are in good agreement with 
JCPDS file (no. 52-1718) for both samples and shows a 
tetragonal scheelite structure free of impurities and tungstate 
secondary phase. 
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Fig. 1. Room temperature X-ray powders diffraction evolution 
as a function of Yb3+ substitution. 
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Fig. 2. Lattices parameters variation as a function of Yb3+
concentration. 
3. Fibre single crystals grown by the micro-pulling down 
technique and their characterization. 
Fibres single crystals have been grown using MPD technique 
with various Yb3+ atom concentration (x = 0, 0.001, 0.01, 0.05, 
0.1, 0.3). The first NaBi(WO4)2 (x = 0) fibre crystal growth was 
initiated by the utilization of Pt wire as seed with 0.5 mm of 
diameter to nucleate crystal growth. The growth process began 
with continues increasing of the pulling-down rate and 
adjustment of the crucible temperature. Quite often, the initial 
procedure took about 30 min to avoid significant change of the 
melt composition. If the growth process is optimised, no growth 
parameters were modified during entire process. The dimension 
of the growth zone including meniscus height and the fibre 
diameter were measured directly from the screen of the monitor 
during the crystal growth process. 
In the case of the Yb3+-doped NaBi(WO4)2 crystals (x = 0.001–
0.05), no cracks were observed during the growth process (Fig. 
3). The crystals were colourless and transparent independent of 
the melt composition with uniform shape and free of 
macroscopic defects such cracks, bubbles or inclusions. The 
cracks and diameter variation were observed only for x higher 
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than 0.05 (Yb > 5 at.%). In this case, the obtained fibres were 
opaque. The typical size of the fibres were 0.5–1 mm in cross-
section, depending on the diameter of the nozzle and a few 
centimetre of length as a function of the starting raw materials 
amount in the crucible. Generally, about 90 vol.% was 
crystallized into single crystals. Phase homogeneity of the 
crystals was studied by X-ray powders diffraction (XRD) 
analysis at room temperature. The crystals were Yb3+-doped 
NBW-single phase with tetragonal structure (JCPDS 52-1718). 
                   
Fig. 3. NaBi0.99Yb0.01(WO4)2 fibre single crystal grown under 
stationary conditions. 
4. Spectroscopic properties 
The main spectroscopic properties have been recently 
reported as the radiative lifetime of 400 mus at room 
temperature for a peak stimulated emission cross-section of 1.5 
x10-20 cm2. It has been concluded that this crystal may have 
promise as a gain medium for a smoothly tunable 1 mum laser 
[17]. However, we have added few complementary results on 
powders and crystals, in agreement with our own approach on 
Yb3+ spectroscopy, concentration quenching model and 
theoretical approach of the laser optimization potentiality with 
respect to other Yb3+-doped crystals. 
Fig. 4. Polarized emission spectra of 5 at.% Yb3+-doped 
NaBi(WO4)2 single crystal fibre at room temperature. Vertical 
polarization is parallel to the fibre oriented along c-axis. 
Horizontal polarization is perpendicular to c-axis. 
The Yb3+-fluorescence at room temperature has been detected 
with a R1767 Hamamatsu photomultiplier through a Jobin-
Yvon Monochromator equipped with a 1 mm blazed grating. 
The excitation was provided by a pulsed OPO near 980 nm of 
BM industry pumped by an Nd-YAG laser pulsed and tripled in 
frequency whose pulse duration is 8 ns and energy of 1 mJ. The 
fluorescence decay curves were recorded on the same 
experimental set up by using a digital oscilloscope of type 
Lecroy 9410. First of all, we confirm the disordered tetrahedral 
phase of this NBW tungstate crystal by the inhomogeneous 
broadening of the emission spectra in Fig. 4 for single crystal 
and Fig. 5 for powder. This is the result of the disorder due to 
random Na+ and Bi3+ occupation sharing two different crystal 
sites, 2b and 2d, both with S4 point symmetry [20]. Only the so-
called 0-phonon line between 5 and 1 stark energy levels of the 
Yb3+ energy level diagram (Fig. 5) can clearly appear near 974 
nm. The total splitting is smaller in this crystal than in garnets 
or sesquioxides materials. Then, the population inversion 
operation between excited and ground states will be less easy 
but the main advantage will be to provide broad tunability and 
ultra-short pulses of the laser action. 
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Fig. 5. Compared emission spectra of 1 and 5 at.% Yb-doped 
NaBi(WO4)2 in powders as grinded fibres at room temperature 
in the same experimental conditions. 
We would like again to point out the decay time geometric 
dependence in Fig. 6 giving rise to large difference in the 
experimental measurements: 310 mus in the small grains of 
powders and 430 mus in bulky fibre. Such grains eliminate the 
great proportion of the strong radiative energy transfer, or self-
trapping, always observed for resonant transitions of rare earths 
[21-24]. Consequently, the radiative lifetime value is more 
realistic than in large volume of bulky samples. Note that about 
300 ms and lower values were also found in other disordered 
tungstate mentioned in the listed literature using either low Yb 
concentrations or diluted double tungstate powders in high 
refraction index liquid [8-11]. This is very important in the 
context of the stimulated emission cross-section evaluation so 
that a special attention is needed for this type of measurements 
in Yb3+-doped crystals. As an example, in Ref. [17] authors 
took 400 ms in the same NBW lattice, instead of 310 ms. 
Another confirmation of the self-trapping mechanism can be 
observed in Fig. 5. The two emission spectra of 1 and 5 at.% 
Yb3+ can be compared as recorded in the same experimental 
conditions. The decreasing of the emission intensity and 
especially of the 0-phonon line intensity (transition 5ĺ1) is 
clearly seen as a consequence of the re-absorption process even 
inside the small grains. 
At last, by using time resolved laser spectroscopy, Er3+ and 
Tm3+ rare earth ions impurities are detected by upconversion 
luminescence under Yb3+ IR pumping as seen in Fig. 7. Even at 
low concentration these rare earth impurities and OH-traces 
may play a role in quenching mechanisms [21-24].
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Fig. 6. Comparison of the decays for single crystal fibre and 
grains in powders at room temperature. 
Another data can be pointed out in Fig. 7 by the 
Yb3+cooperative luminescence at around 500 nm for short 
times. This emission spectrum is the convoluted spectrum of the 
IRYb3+ isolated ion one. This is a signature of Yb3+ pairs in the 
lattice [21-24]. In Yb3+-doped crystals we had analysed before, 
pairs were not considered as playing an important role in the 
quenching mechanisms. However, it has been claimed this 
happens in Yb-doped NaBi(WO4)2 [20] and in Yb-
stoichiometric crystals like LiYb(MoO4)2 preventing laser 
emission [20].
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Figure 7. Up-conversion emission spectra in the visible under 
IR pumping of isolated Yb3+ ions: rare earth impurities and 
Yb3+ pairs can be detected. 
5. Conclusion 
Undoped and Yb3+-doped NaBi(WO4)2 fibre single crystals 
were successfully grown by the micro-pulling down technique. 
The obtained crystals were transparent, cracks free, and 
homogeneous in diameter. For low Yb3+ concentration (Yb3+ < 
5 at.%), it was possible to substitute Bi3+ sites with segregation 
coefficient very close to one. The obtained crystal transparency 
quality is high without any special thermal annealing which is 
very promising for fibres optical applications. We finally have 
shown few additional spectroscopic data on Yb3+-doped 
NaBi(WO4)2, mainly on spectroscopy and self-trapping process 
which should be useful for any development of laser sources. 
References 
[1] A.A. Kaminskii, Laser Crystals, Nauka, Moscow, 1975. 
[2] G. Blasse, Struct. Bond. 42 (1980) 1. 
[3] G. Blasse, K.C. Bleijenberg, R.C. Powell (Eds.), 
Luminescence and Energy Transfer. Structure and Bonding 
Series, 42, Springer, Berlin, 1980, p. 26. 
[4] V. Kushawada, A. Benerjee, L. Major, Appl. Phys. B 56 
(1993) 239–242. 
[5] G.E. Peterson, P.M. Bridenbangh, Appl. Phys. Lett. 4 (1964) 
173–175. 
[6] B.I. Zadneprovski, V.A. Nefedov, E.V. Polyansky, E.G. 
Devitsin, V.A. Kozlov, S.Y. Potashov, A.R. Terkulov, Nucl. 
Instrum. Meth. Phys. Res. A 486 (2002) 355–361. 
[7] P.G. Zverev, J.T. Murray, R.C. Powell, R.J. Reeves, T.T. 
Basiev, Opt. Commun. 97 (1993) 56–64. 
[8] G. Boulon, G. Metrat, N. Muhlstein, A. Brenier, M.R. 
Kokta, L. Kravchik, Y. Kalisky, Opt. Mater. 24 (1/2) (2003) 
377–383. 
[9] A. Brenier, F. Bourgeois, G. Me´trat, N. Muhlstein, G. 
Boulon, Opt. Mater. 16 (1/2) (2001) 207–211. 
[10] F. Bourgeois, A. Brenier, G. Me´trat, N. Muhlstein, G. 
Boulon, Eur. Phys. J. Appl. 6 (1999) 155–166. 
[11] G. Boulon, A. Brenier, L. Laversenne, Y. Guyot, C. 
Goutaudier, M.T. Cohen-Adad, G.Me´trat, N. Muhlstein, J. 
Alloy. Compd. 341 (2002) 2–7. 
[12] Y. Terada, K. Shimamura, T. Fukuda,Y. Urata, H. Kan, A. 
Brenier, G. Boulon, OSA-TOPS, vol. 10, Advanced Solid State 
Lasers, 1997, p. 458. 
[13] V. Volkov, M. Rico, A. Mendez-Blas, C. Zaldo, J. Phys. 
Chem. Solid. 63 (2002) 95–105. 
[14] V. Volkov, C. Zaldo, J. Cryst. Growth 206 (1999) 60–64. 
[15] P. Rudolph, T. Fukuda, Cryst. Res. Technol. 34 (1999) 3. 
[16] T. Fukuda, P. Rudolph, S. Uda (Eds.), Book Title: Fibre 
Crystal Growth from the Melt. Advances in Materials Research, 
1, Springer–Verlag, Heidelberg, Berlin, 2004, pp. 1–46. 
[17] L.D. Merkle, M. Dubinski, B. Zandi, J.B. Gruber, D.K. 
Sardar, E.P. Kokanyan, V.G. Babajanyan, G.G. Demirkhanyan, 
R.B. Kostanyan, Opt.  Mater. 27 (2004) 343–349. 
[18] D.H. Yoon, T. Fukuda, J. Korean, Assoc. Cryst. Growth 4 
(1994) 405. 
[19] R.D. Shannon, C.T. Prewit, Acta. Crystallogr. B 25 (1969) 
925. 
[20] C. Cascales, A. Me´ndez Blas, M. Rico, V. Volkov, C. 
Zaldo, Opt. Mater. 27 (2005) 1672–1680. 
[21] A. Yoshikawa, G. Boulon, L. Laversenne, H. Can˜ibano, 
K. Lebbou, A. Collombet, Y. Guyot, T. Fukuda, J. Appl. Phys. 
94 (2003) 5479–5488. 
[22] M. Ito, C. Goutaudier, Y. Guyot, K. Lebbou, T. Fukuda, G. 
Boulon, J. Phys. C Conden. Matter 16 (2004) 1501–1521. 
[23] G. Boulon, Y. Guyot, M. Ito, A. Bensalah, C. Goutaudier, 
J.C. Gaˆcon, Molecular Physics, vol. 102, Taylor and Francis 
Ltd, 2004, pp. 1119–1132. 
[24] G. Boulon, L. Laversenne, C. Goutaudier, Y. Guyot, M.T. 
Cohen-Adad, J. Luminesc. 102/103 (2003) 417–425. 
500 A. Karek et al. / Physics Procedia 2 (2009) 497–500
